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TWO  NEMATODE  PARASITES  OF  PASSALUS  CORNUTUS 

******* 

INTRODUCTION 

Inhabitating  the  ventriculus  of  Passalus  cornutus,  in 
at  least  75  per  cent  of  the  individuals,  one  finds  many  small,  rigid 
nematodes,  some  3  or  4  mm.  in  length.    Joseph  Leidy  (1850,  1853> 
first  recorded  the  occurrence  of  these  parasites  and  created  for 
them  a  new  genus,  Hystrignathus .    Within  this  genus  he  recognized 
but  a  single  species,  H.  rigidus,  of  whioh  the  female  only  is  de- 
scribed, the  males  not  having  been  found. 

During  the  fall  of  1915  the  writer  was  working  up  a 
technic  for  handling  small  nematodes  and  as  Passalus  ^cornutus  oc- 
curred abundantly  in  the  vicinity,  the  parasites  which  they  harbor 
offered  a  convenient  source  of  material.    While  working  with  these 
nematodes  it  was  noted  that  they  were  not  all  alike  but  could  be 
separated  into  two  distinct  types.    Several  hundred  beetles  were 
then  examined  and  in  nearly  every  case,  while  a  greater  percentage 
of  the  parasites  present  appeared  to  be  the  species  described  by 
Leidy,  several  were  present  which  differed  markedly  from  them  in  ex- 
ternal appearance.    This  type  lacks  the  annulations  at  the  anterior 
end  and  possesses  a  greater  number  of  spines  arranged  in  an  entire- 
ly different  manner . 

On  careful  examination  of  the  contents  of  the  ventricu- 
lus of  these  beetles,  larval  forms  also  were  revealed.    While  these 
possess  the  spines  characteristic  of  the  adult  females,  on  the 
smaller  ones,  which  are  about  0.1  mm.  in  length,  the  arrangement  is 
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difficult  to  determine.    Among  the  larger  ones,  however,  the  two 
types  of  individuals  occur,  differentiated  in  the  manner  of  the 
adults,  by  the  arrangement  of  the  spines.    This  seems  to  the  writer 
to  be  conclusive  evidence  that  there  exists  here,  not  two  phases  in 
the  life  history  of  the  same  species,  but  two  separate  species. 
While  Leidy,  in  his  investigation  of  these  parasites  was  unable  to 
find  them,  males  do  occur,  along  with  the  females  in  considerable 
numbers.    They  are  very  much  smaller,  about  1  mm.  in  length,  and 
while  as  a  rule  fewer  males  than  females  are  found,  this  does  not 
indicate  that  fewer  actually  exist  as  undoubtedly  many  are  over- 
looked.   After  the  above  observations  it  seemed  worth  while  to  make 
a  more  careful  study  of  these  two  nematodes  and  the  results  of  that 
study  are  recorded  herewith. 

Passalus  oornutus  is  a  Goleoptera  belonging  to  the  fam- 
ily Lucanidae  and  is  found  in  the  moist  parts  of  half  decayed  logs 
and  stumps.    The  parasites  used  in  this  work  were  obtained  from 
beetles  collected  in  such  a  habitat  in  the  vicinity  of  Urbana,  Ill- 
inois . 

The  writer  wishes  to  take  this  opportunity  to  thank 
Professor  Henry  B.  Ward  for  many  valuble  suggestions  and  to  express 
his  gratitude  to  Dr.  Edna  Mosher  for  the  donation  of  material. 

TECHNIC 

The  preparation  of  nematodes  for  microscopic  study  is, 
at  best,  a  tedious  process  and  a  great  deal  of  difficulty  was  ex- 
perienced in  the  manipulation  of  these  exceedingly  small  forms. 
Considerable  time  was  devoted  to  this  phase  of  the  problem,  and 


while  the  methods  described  here  are  not  entirely  satisfactory,  they 
were  made  to  yield  fairly  good  results. 
Exam i ning  Insects  for  Parasites 

In  the  case  of  very  small  forms  it  is  best  to  place  the 
whole  insect  in  a  Syracuse  dish  containing  a  little  tap  water  and 
tear  it  to  pieces  with  needles  under  a  binocular.    If  the  insect  be- 
ing examined  is  of  considerable  size,  clip  off  the  head  and  the  tip 
of  the  abdomen  with  sharp  scissors.    With  straight  pointed  forceps 
reach  in  at  the  posterior  end,  pull  out  the  intestine  and  place  it 
in  a  Syracuse  dish  with  a  little  tap  water.    Usually  the  entire  ali- 
mentary tract  is  easily  removed.    The  parasites  of  the  body  cavity 
can  now  be  washed  out  with  a  pipette.    With  fine  needles  tear  the 
alimentary  tract  to  pieces  under  a  binocular.    Great  care  must  be 
used  in  order  not  to  overlook  very  small  forms  such  as  males  or  lar- 
val stages. 

The  parasites  thus  exposed  should  be  removed  to  another 
Syracuse  dish  containing  a  few  cc,  of  tap  water.    With  a  little 
practice  one  can  pick  up  the  worms  on  the  point  of  a  needle  fairly 
easy.      A  loop  of  fine  silk  on  the  point  of  the  needle  adds  some- 
what to  its  efficiency  for  this  purpose.    A  crow-quill  pen  with  the 
point  slightly  spread,  and  manipulated  with  the  concave  surface  up, 
will  be  found  convenient  for  handling  small  nematodes. 

While  the  writer  has  made  all  of  his  dissections  in  tap 
water  with  practically  none  of  the  parasites  going  to  pieces,  the 
genus  worked  with  possesses  a  comparatively  heavy  body  wall  and  is 
naturally  more  resistant  to  collapse  than  some  of  the  more  delicate 
species  which  would  probably  have  to  be  handled  in  a  salt  solution 
more  nearly  isotonic  to  the  body  fluid  of  the  host.    In  any  case  the] 
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should  not  be  allowed  to  remain  alive  for  any  considerable  length  of 

time  but  killed  immediately. 

Illllng 

The  impermeable  nature  of  nematode  cutioula  makes  the 
use  of  hot  killing  fluids  necessary.    When  applied  hot  the  reagent 
coagulates  the  protein,  killing  the  parasite  immediately  and  usually 
leaving  it  in  a  straight  position.    The  solution  used  in  this  case 
was  made  up  of  three  parts  70  per  cent  alcohol,  and  one  part  glaoial 
aoetic  acid,  saturated  with  corrosive  sublimate.    Where  seotions  are 
to  be  made  for  histological  study  it  is  well  to  add,  just  before 
using,  a  few  drops  of  a  0.03  per  cent  solution  of  osmio  acid.  Do 
not  add  osmic  acid  to  the  stock  solution. 

From  the  Syracuse  dish,  in  which  the  worms  have  previ- 
ously been  placed,  draw  off  with  a  pipette  nearly  all  the  tap  water, 
leaving  only  enough  to  cover  the  specimens.    Heat  8  or  10  cc.  of  the 
killing  fluid  to  near  the  boiling  point  and  pour  onto  the  worms. 
Cover  and  allow  to  stand  for  a  few  minutes/  then  draw  off  as  muoh 
as  possible  of  the  fluid  with  a  pipette  and  add  70  per  cent  alcohol. 
Specimens  killed  in  the  above  reagent  can  be  transferred  to  70  per 
cent  alcohol  without  danger.    If  they  are  so  small  as  to  be  invisi- 
ble to  the  unaided  eye  they  should  be  placed  under  a  binocular  while 
the  fluids  are  being  drawn  off  to  prevent  the  specimens  from  being 
drawn  off  at  the  same  time.    Several  changes  of  70  per  cent  alcohol 
should  be  used,  the  last  containing  a  few  drops  of  iodine.  (Make 
up  iodine  solution  by  dissolving  crystalline  iodine  in  70  per  cent 
alcohol ) . 
Staining 

Ehrlioh's  Acid  Haemotoxylin  gives  good  results  for  toto 


preparations.    This  stain,  however,  will  precipitate  in  70  per  cent 
alcohol  and  to  avoid  this  add  acetic  acid. 

If  specimens  are  to  be  used  for  sections  they  should  be 
stained  at  this  point  with  haemotoxylin  or  carmine  in  order  to  make 
them  more  easily  seen  in  handling. 
Dyhydration 

The  transfer  from  70  per  cent  to  absolute  alcohol  must 
be  gradual,-  any  abrupt  change  will  result  in  the  immediate  collapse 
of  the  specimens.    In  order  to  accomplish  this  gradual  dehydration 
some  form  of  differentiator  must  be  used.    The  one  described  below 
has  given  excellent  results  for  the  writer  and  has  the  advantage  of 
being  simple  in  construction  and  manipulation,  and  automatic  in  ac- 
tion . 

To  the  shaft  carrying  the  minute  hand  of  an  ordinary 
alarm  clock  a  small  drum  (0.,Fig.  1)  is  attached.    The  attachment 
can  best  be  made  on  the  back  of  the  clock  by  drilling  into  the  thumb 
screw  by  which  the  hands  are  set  and  inserting  a  pin.    The  other  end 
of  the  pin  is  inserted  into  the  end  of  the  drum.    The  clock  is  then 
clamped  to  a  base  board  after  the  manner  shown  in  Fig.  4,  the  drum 
vertically  over  a  row  of  two  or  more  holes  (a.,a^  15  mm.  in  diame- 
ter.   The  board  is  then  screwed  down  to  a  shelf,  the  two  holes  pro- 
jecting over  the  edge. 

A  straight  piece  of  glass  tubing  (A.,  Fig.l>  14  mm.  in 
diameter  by  60  cm.  in  length  is  closed  at  one  end  by  a  cork  stopper 
and  set  up  in  the  position  shown  in  Fig.  1,  the  open  end  directly 
below  the  drum.    The  elevator  (E.,Fig.l  and  3  >  consists  of  a  piece 
of  glass  tubing  (a., Fig. 31  4  cm.  in  length  and  of  a  diameter  which 
will  allow  it  to  run  smoothly  in  tube  A.    The  lower  end  is  covered 
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with  a  pieoe  of  fine  silk  bolting  cloth.    If  the  cloth  is  simply 
placed  over  the  lower  end  of  tube  A  (Fig. 31  small  specimens  will 
work  down  under  the  end  of  the  tube  and  be  crushed.    To  avoid  this 
the  cloth  is  placed  over  the  end  of  a  very  short  piece  of  thin 
walled  glass  tubing  (b.,Fig.3>  whioh  is  then  inserted  into  the  bot- 
tom of  tube  a. (Fig. 3^.    The  top  of  tube  a.  should  be  broken  oblique- 
ly, the  lip  thus  formed  heated  in  a  flame  and  bent  inward  and  a  hole 
punched  through  it  with  a  needle.    To  this  lip  a  silk  thread  is  at- 
tached. 

Now  transfer  the  specimen  from  the  Syracuse  dish  to  the 
elevator.    If  they  are  large  they  can  be  picked  up  with  a  needle  but 
if  very  small  draw  them  up  into  a  pipette  and  discharge  it  into  the 
elevator.    Then  drop  the  elevator  to  the  bottom  of  tube  A  (Fig.l> 
and  attach  the  thread  to  the  drum  on  the  clock. 

Fill  the  tube  (A,  Fig.l>  up  to  about  15  cm.  with  70  per 
cent  alcohol,  then  run  in  about  the  same  amount  of  85  per  cent,  then 
about  the  same  amount  of  95  per  cent  and  finish  filling  with  abso- 
lute.   The  alcohol  should  be  run  down  the  side  of  the  tube  slowly 
with  a  pipette  to  avoid  mixing  as  much  as  possible. 

As  the  drum  of  the  clock  revolves  the  elevator  will 
slowly  be  raised  through  the  grades  of  alcohol.    The  time  required 
for  this  operation  is,  of  course,  regulated  by  the  size  of  the  drum. 
The  writer  usually  allows  about  16  hours  for  the  transfer.    To  ac- 
complish this  rate  of  change,  when  the  tube  is  SO  cm.  long,  the 
drum,  which  revolves  once  every  hour,  should  be  about  13  mm.  in  di- 
ameter.   The  apparatus  requires  no  attention  from  the  time  the  spec- 
imens are  placed  in  it  until  they  have  reached  the  top  and  are  ready 
to  be  taken  out.    A  convenient  way  is  to  put  the  specimens  in  at 
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4  p.m.  and  take  them  out  the  next  morning  at  8.    To  remove  them  from 
the  elevator,  place  the  tip  of  a  pipette  in  the  space  below  the  bolt- 
ing cloth  at  the  bottom  and  wash  out  with  absolute  alcohol. 

The  success  of  such  an  apparatus  depends  upon  the  fact 
that  different  grades  of  alcohol,  when  placed  one  above  the  other  in 
a  vertical  glass  tube  of  small  diameter,  will  remain  separated,  pro- 
vided the  higher  percents  are  placed  on  top.    In  order  to  determine 
to  just  what  extent  mixing  does  occur  a  test  was  made  in  which  the 
alternate  layers  were  colored  with  carmine.    It  was  found  that,  af- 
ter standing  several  days,  every  grade  was  distinct.    To  be  sure 
there  was  no  sharp  line  of  separation  between  the  different  layers, 
but  a  gradual  change  from  one  into  another,  just  the  condition  to  be 
desired. 
Clearing 

The  specimens  are  now  ready  for  the  clearing  agent  and 
the  transfer  into  this  from  alcohol  must  also  be  effected  without 
any  abrupt  change.    Here  the  danger  of  ruining  the  material  is  even 
greater  than  in  dehydration.    The  string-siphon  differentiator  as 
described  by  Magath  (1917>  can  be  used  and  gives  excellent  results. 
In  the  writer's  apparatus,  however,  the  stender  dishes  (A  and  B, 
Fig.  2^  were  provided  with  covers  and  the  strings  inclosed  in  glass 
tubes  to  prevent  evaporation  and  the  taking  up  of  moisture.    A  hole 
was  made  through  the  cover  of  dish  A,   (Fig.3>  near  the  edge,  and 
fitted  with  a  stopper,  through  which  the  glass  U-tube  passes.  In 
the  same  way  dish  B  was  provided  with  two  holes. 

Either  xylol  or  synthetic  oil  of  wintergreen  (methyl 
salicylate^  can  be  used.    The  latter  runs  through  the  differentiator 
much  more  slowly  than  xylol. 
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Mounting  and  Imbedding 

Where  nematodes  are  so  small  as  to  make  it  inexpedient 
to  attempt  to  puncture  the  cuticula  with  a  needle,  balsam  or  damar 
is  not,  in  the  opinion  of  the  writer,  a  practical  mounting  medium. 
The  males  of  Hystrignathus  go  into  damar  with  little  difficulty,  but 
attempts  to  mount  the  females  in  it  usually  meet  with  failure.  The 
use  of  parchment  diffusion  boats  or  vacuum  imbedding  apparatus  in 
this  connection  gave  little  promise. 

Material  for  sections  was  imbedded  in  34°  paraffin  in 
the  usual  manner,  the  paraffin  being  added  very  slowly.    The  block, 
after  being  trimmed  for  cutting,  was  coated  with  soft  paraffin  in 
order  to  secure  a  ribbon. 


Genus  HYSTRIGHATHUS  Leidy 

"Body  cylindroid,  rigid,  finely  annulated:  anterior  an- 
nulatuions,  excepting  the  first,  furnished  at  their  posterior  mar- 
gin with  simple  spines  divergent  backward.  Oral  annulus  a  trunca- 
ted cone:  mouth  round.  Tail  pointed.  Buccal  organ  long  cylindri- 
cal: gizzard  pyriform.  Generative  aperture  of  the  female  near  the 
middle  of  the  body" . 

In  the  above  description  of  this  genus  by  Leidy,  which 
applies  to  the  females  only,  one  correction  at  least,  must  be  made, 
for  annulations  do  not  occur  on  both  of  the  species  included. 
Females     (Fig.  10^ 

When  first  removed  from  the  host  the  females  have  a  wiry, 
rigid  appearance  and  are  only  moderately  active.    Approximately  75 
per  cent  of  the  individuals  of  Passalus  cornutus  are  parasitized, 
one  or  two  to  twenty  occurring  in  a  single  host,  rarely  more,  the 
average  being  six  or  eight.    They  are  slender  worms,  between  3  and 
4  mm.  in  length  by  0.15  to  0.2  mm.  in  diameter.    The  genital  aper- 
ture, defined  by  slightly  projecting  lips,  (vo.,  Fig.lO>  is  located 
in  nearly  the  exact  center  of  the  body.    The  anterior  end  is  pro- 
vided with  small  spines. 
Cut icula 

In  general  appearance  the  cut icula  does  not  differ  from 
that  of  the  majority  of  forms  except  that  it  i6  perhaps  more  highly 
refractive,  giving  the  worms  a  decided  glistening  appearance .  Near 
the  middle  of  the  body  it  is  3.5  u  thick  increasing  slightly  in 
thickness  in  the  anterior  and  posterior  ends. 
Sub cut icula 

Beneath  the  cuticula  is  a  thin  syncytial  layer,  the  sub- 
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outicula.    Its  thickness  is  about  one-fourth  that  of  the  cutioula, 
is  closely  applied  to  it  and  hard  to  demonstrate.    In  the  region  of 
the  excretory  pore  and  anteriad,  it  thickens  markedly  on  the  inner 
surface  opposite  the  lateral  lines,  forming  an  oval,  longitudinal 
ridge,   (s.r.,Figs.  11  and  13>  but  posteriad  this  becomes  less  pro- 
nounced until  the  layer  is  of  uniform  thiokness. 

The  lateral  lines  can  first  be  seen  in  transverse  sec- 
tions about  0.3  mm.  from  the  anterior  end  as  a  quadrangular  area, 
between  the  muscles,  projecting  from  either  side  of  the  wall  towards 
the  oesophagus.    From  there  they  extend  posteriad  the  entire  length 
of  the  worm,  finally  disappearing  in  the  tail  region.    In  cross  sec- 
tions the  lateral  lines  are  seen  to  be  composed  of  three  distinct 
regions,  a  dorsal  and  a  ventral  region  (r^.and  r2.  Figs.  11  to  16> 
each  long  and  irregular,  but  somewhat  flask-shaped,  and  filled  with 
a  dark,  coarsely  granular  material,  between  which  is  a  light,  fine- 
ly granular  or  fibrilar  region  (r3.  Figs.  11  to  16> .    At  the  anter- 
ior end  of  the  worm  the  dorsal  and  ventral  regions  stand  out  prom- 
inently,  (Fig.ll>  but  in  the  part  of  the  body  occupied  by  the  repro- 
ductive organs  they  are  less  in  evidence,  the  whole  structure  being 
pushed  back  and  distorted. 

The  dorsal  and  ventral  lines  (d.l.  and  v.l.  Figs.  11  to 
16>  are  also  developed,  showing  in  cross  sections  through  the 
oesophageal  region  as  long  flask-shaped  structures  projecting  in 
from  between  the  dermo-muscular  cells.    Their  appearance  resembles 
that  of  the  dorsal  and  ventral  regions  of  the  lateral  lines.  Back 
in  the  middle  of  the  body  they  are  less  developed  and  in  many  sec- 
tions can  not  be  found  at  all.    Opposite  the  excretory  pore  the  ven- 
tral line  becomes  greatly  enlarged,  the  reason  for  which  will  be 
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discussed  in  connection  with  the  excretory  system. 
Dermo-muscular  Tube 

Hystrignathus  is  of  the  meromyarian  type:  i.  e.  in  each 
quadrant  or  muscle  field  as  set  off  by  the  longitudinal  lines  there 
are  two  rows  of  muscle  cells.    As  is  the  case  with  all  nematodes 
these  cells  are  only  partly  differentiated  into  fibres,  the  inner 
portion  remaining  a  sarcoplasmic  area  and  containing  near  its  center 
a  spherical  nucleus. 

The  size  and  shape  of  the  cells  differ  considerably  in 
different  parts  of  the  body.    Directly  back  of  the  mouth  they  are 
almost  entirely  composed  of  muscles  fibres  and  fill  practically  all 
the  space  outside  of  the  oesophagus.    In  the  region  just  anterior  of 
the  oesophageal  bulb  the  dermo-muscle  cells  are  best  developed 
(Fig.  11> .    They  stand  out  clearly  in  cross-sections  as  subtriangu- 
lar  cells  projecting  out  into  the  body  cavity  some  33  u.,  the  inner 
7  u.  of  which  is  made  up  of  the  fibres.    In  longitudinal  sections 
the  cells  are  much  longer  and  extend  along  under  the  subcuticula, 
their  ends  passing  by  each  other  so  that  in  cross-sections  often 
more  than  two  cells  show  in  a  muscle  field  but  never  more  than  two 
nuclei.    Posteriad  in  the  region  of  the  body  occupied  by  the  repro- 
ductive organs  the  dermo-muscular  cells  do  not  projeot  into  the  body 
cavity  more  than  from  15  to  30  u.,  half  of  this  being  composed  of 
the  fibres.    They  are  pressed  back  and  distorted  by  the  organs  with- 
in   and  in  some  cases  their  outline  is  difficult  to  determine. 

An  increase  in  the  ordinary  number  of  cells  is  found  an- 
terior to  the  oesophageal  bulb.  Here  in  each  muscle  field,  between 
the  two  rows  of  cells  which  are  ordinarily  found,  a  third  is  inser- 
ted, (d, di,  d2,  and  d3.  Fig.  11).    In  cross-section  these  extra 
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cells  are  somewhat  narrower  than  the  others  with  a  rounded  inner 
edge  and  differing  in  the  appearance  of  the  protoplasm  which  is 
more  homogeneous.    The  outer  portion  is  differentiated  into  muscle 
fibres . 

Excretory  System 

The  excretory  pore  is  located  0.9  mm.  from  the  anterior 
end  on  the  ventral  surface.    From  it  two  excretory  ducts  run  poste- 
riad  along  the  inner  edge  of  the  lateral  lines.     In  this  respect 
the  excretory  system  corresponds  with  that  found  in  the  majority  of 
nematodes.    However,  two  similar  ducts  are  seen  to  leave  the  pore 
and  pass  along  the  lateral  lines  anteriad  up  into  the  head  region. 
Short,  blind  ducts,  apparently  vestiges  of  such  anterior  branches 
are  found  in  many  nematodes.    Golowin,  in  fact  is  reported  (Fan- 
tham,  Stephens  and  Theobald,   '  16>  as  having  recorded  the  existance 
of  anterior  excretory  duots  ina  number  of  species,  which  is,  as  far 
as  the  writer  is  aware,  the  only  published  record  of  such  a  condi- 
tion . 

In  the  region  of  the  excretory  pore  is  located  a  double 
excretory  reservoir,   (ex.r.  Fig.  10)  the  structure  of  which  can 
perhaps  be  best  understood  by  following  through  a  series  of  trans- 
verse sections.    The  ventral  line,  which  along  the  middle  of  the 
worm  is  poorly  developed,  and  in  some  sections  can  not  be  seen  at 
all,  on  approaching  this  region  suddenly  becomes  noticeably  enlarged 
(v.l.  Fig.  17 )  and  appears  as  a  dark  staining,  wedge-shaped  area 
extending  up  into  the  body  cavity,  and  under  which  the  subcuticula 
thickens  to  form  a  rounded  ridge  (s.r.  Fig.  1?>.    One  also  notices 
that  the  inner  side  of  the  lateral  lines  are  drawn  down  towards  the 
ventral  line,  the  excretory  ducts  taking  up  a  position  in  the  lower 
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edge  (1.1.  Fig.  17K    Then  a  space  appears  in  the  lower  portion  of 
the  ventral  line  or  between  it  and  the  subcuticula  (ex.r.  Fig.  IS 
and  19> .    This  space,  the  posterior  lobe  of  the  excretory  reservoir 
has  a  maximum  diameter  of  30  u.  and  extends  along  the  ventral  line 
for  about  40  u.  when  it  is  split  into  two  halves  by  a  plug  of  dark 
syncytium.  (Fig.  30  >    Here  the  lateral  lines  are  drawn  down  until 
they  fuse  with  the  ventral  line  (Fig.  33>,  the  excretory  ducts  also 
bending  down  towards  the  ventor  until,  at  a  point  opposite  the  pore, 
a  tube  on  either  side  connects  them  with  the  reservoir.  (ex.Fig.33^ . 

Anteriad  from  this  point  the  same  condition  is  met  with, 
the  reservoir  divided  for  a  short  distance  into  two  parts,  these 
uniting  to  form  an  anterior  lobe  of  the  same  size  as  the  one  poster- 
ior to  the  pore  (Figs.  34  and  35> .    The  excretory  pore  itself  could 
not  be  seen  in  cross-sections  but  its  presence  is  easily  demonstra- 
ted in  toto  preparations  where  the  stain  enters  the  pore  causing 
both  it  and  the  reservoir  to  stand  out  conspicuously. 
Digestive  System 

The  mouth  is  small  and  its  shape,  which  according  to 
Leidy  is  round,  is  difficult  to  demonstrate.    In  preserved  speci- 
mens the  mouth  is  closed  and  can  not  be  seen,  but  from  a  study  of 
transverse  sections  it  appears  triangular  in  outline.    No  mouth 
cavity  or  buccal  capsule  is  present  but  the  mouth  communicates  with 
the  oesophagus  by  an  exceedingly  short  pharynx.  (Figs.  6a  and  6b> . 
Oesophagus 

Using  Cobb' 8  nomenclature  the  shape  of  the  oesophagus  is 
oxyuroid  (oe.  Fig.  10> .  Back  of  the  mouth  it  is  36  u.  in  diameter, 
this  size  gradually  increasing  poster iad  to  40  u.,  when  at  0.44  mm. 

back  there  is  a  sudden  constriction,  from  which  point  a  short  portion 
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53  u.  long  by  63  u,  in  diameter  extends  to  the  oesophageal  bulb 
(Oe.B.  Fig.  10>  . 

In  cross  sections  the  anterior  portion  of  the  oesophagus 
shows  a  triradiate  lumen  from  which  muscles  run  out  to  the  tunica 
propria.    There  is  a  tendency  for  these  muscles  to  be  separated  in- 
to three  distinct  fields  and  in  some  cases  each  may  be  divided  a- 
gain,  so  as  to  form  six  sectors  (oe.m.  Fig.  11>  .    The  lumen  ie  lined 
with  a  thin  layer  of  cuticula  (oe.l.  Fig.ll>.    The  sides  do  not 
join  each  other  to  form  a  sharp  angle  but  are  rounded  over  to  allow 
a  free  hinge-like  movement.    Each  side  is  thickened,  presumably  for 
the  attachment  of  muscles,  and  running  along  the  middle  there  is  a 
furrow  or  constriction  which  probably  also  acts  as  a  hinge  to  allow 
the  free  opening  and  closing  of  the  lumen. 

The  small  section  which  extends  to  the  bulb  differs  lit- 
tle from  the  part  already  described.    It  also  has  a  triradiate  lu- 
men with  a  thin  cuticula  lining  which  shows  only  slightly  thickened 
areas . 

The  lumen  of  the  bulb  is  likewise  triradiate  and  from 
each  side  there  projects  into  it  a  longitudinal  ridge  (rid.  Fig. 7). 
Opposite  each  ridge  near  the  middle  of  the  bulb  a  nucleus  (n.  Fig.7> 
is  located  and  attached  to  the  inner  lining.    At  a  point  near  the 
ridges,  bands  of  muscles  pass  around  the  nuclei  to  the  outer  wall. 
Intestine 

From  the  oesophageal  bulb  the  intestine  extends  posteriad 
nearly  the  length  of  the  body  to  the  rectum.    From  the  bulb  back  to 
the  region  of  the  excretory  pore,  the  intestine  is  dilated  and  rec- 
tangular in  cross-section,  having  a  dorso-ventral  diameter  of  90  u. 
and  a  dextro-sinistral  diameter  of  SO  u.  (in.  Fig.  12> .    The  wall 
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is  made  up  of  a  layer  of  epithelial  cells,  is  fairly  smooth  on  the 
inside  and  varies  in  thickness,  averaging  from  8  to  12  u.  The  cell 
divisions  have,  in  some  instances,  disappeared  but  the  fact  that  a 
few  of  the  walls  can  be  identified,  indicate  that  we  are  not  deal- 
ing with  large  multinucleated  cells  as  described  by  Looss  '01,  for 
Solerostomum. 

In  the  region  of  the  excretory  pore  the  intestine  be- 
comes almost  triangular  in  cross-section  but  as  it  passes  posteriad 
it  takes  on  the  form  of  a  cylindrical  tube  SO  u.  in  diameter,  (in., 
Fig.  13> .    At  this  point  the  lumen  is  about  half  that  diameter  and 
the  cells  which  go  to  make  up  the  wall  are  easily  distinguished. 
Posterior  to  the  genital  opening  the  intestine  still  decreases  in 
diameter  but  after  passing  the  part  of  the  body  occupied  by  the 
generative  apparatus  it  again  grows  larger  showing  an  expanded  area, 
but  it  decreases  again  in  size  as  it  approaches  the  rectum. 

The  wall  becomes  very  thiak  0.1  mm.  from  the  point  where 
the  rectum  begins  and  the  lumen  entirely  closed  so  that  it  can  not 
be  recognized.    The  cell  walls  are  also  hard  to  distinguish  and  in 
cross  sections  through  this  region  the  intestine  appears  as  a  dark 
oblong  mass,  its  greatest  diameter  lying  in  the  dorso-ventral  plane 
(in.,  Fig.  14> , . 
Rectal  Region 

At  the  point  where  the  cuticular  lining  of  the  rectum 
first  appears  is  located  a  rather  poorly  developed  sphinctor  muscle, 
and  just  posterior  to  this  in  the  wall  one  finds  three  large  nuclei 
in  approximately  the  same  transverse  plane,  one  dorsal  and  two  sub- 
ventral.    The  cell  boundaries  could  not  be  identified.    13  u.  pos- 
teriad another  nucleus  appears  in  the  dorsal  part  of  the  wall,  but 
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no  corresponding  ones  on  the  ventral  side  could  be  seen.  From  here 
the  reotum  extends  posteriad  to  the  anus. 

The  lining,  supposedly  of  cuticular  origin,  stains  some- 
what darker  than  the  outside  outicula  and  extends  anteriad  from  the 
anus  138  u.    Near  the  middle  it  is  H-shaped  in  cross  section  flat- 
tening out  against  the  ventral  side  of  the  body  as  it  approaches 
the  anus  (rt.,  Fig.  15  and  18^. 

In  this  region  the  lateral  lines  are  relatively  larger 
and  fill  a  considerable  portion  of  the  body  cavity  (1.1,, Figs.  14, 
15,  and  16> .    The  dermo-muscle  cells  are  much  reduced  showing  lit- 
tle undifferentiated  protoplasm  and  are  almost  entirely  crowded  out 
on  the  ventral  side.    The  dorsal  and  ventral  lines  are  present  and 
approximately  the  same  relative  size  as  in  other  parts  of  the  body, 
the  ventral  line  being  slightly  the  larger  (d.l.  and  v.l.,  Figs.  14, 
15  and  16 > . 

At  the  point  where  the  intestine  joins  the  rectum,  i.e. 
the  point  where  the  cuticular  lining  first  appears,  there  occurs 
in  the  inner  edge  of  the  lateral  lines,  two  dark  oblong  cells,  10 
by  19u.  in  diameter,  each  containing  a  prominent  nucleus  (a.g., 
Fig.l4>.    Slightly  posterior  to  this  transverse  plane  a  third  such 
cell  appears  in  the  body  cavity  dorsad  of  the  rectum.    These  are 
evidently  the  three  much  discussed  anal  glands  or  anal  cells  which 
seem  to  occur  in  all  nematodes,  the  function  of  which  is  still  a 
matter  of  question.    At  this  point  a  nuoleus  also  occurs  in  each 
lateral  line. 

Slightly  posterior  to  the  point  where  the  single  nucleus 
appears  in  the  dorsal  wall  of  the  rectum,  another  nucleus  occurs  in 
each  lateral  line.    Here  the  rectum  is  close  to  the  ventral  wall  of 
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the  worm  and  directly  above  it  is  a  subquadrangular  cell  also  con- 
taining a  prominent  nucleus  (n.  and  n^.,  Fig.  15). 

From  this  point  posteriad  a  band  of  oblique  muscles  arise 
between  the  dorsal  dermo-muscular  cells  and  the  lateral  lines  and 
pass  mesad  uniting  under  the  dorsal  line  (cm^,  Fig.  16).    On  each 
side  muscles  branch  from  these  and  pass  down  towards  the  ventral 
wall  just  inside  the  lateral  lines  (o.m2.,  Fig.  16).    These  plates 
of  muscles  divide  this  posterior  part,  except  for  a  little  on  the 
dorsal  side,  into  three  subequal  areas.    The  two  lateral  of  these 
are  occupied  by  the  lateral  lines  and  the  middle  by  the  rectum  and 
the  cells  above  it,  the  nucleus  of  one  of  which  has  already  been 
mentioned.    A  second  nucleus  is  seen  in  this  middle  area  about  30  u. 
posteriad  of  the  first  (n.,  Fig.  16). 

A  cross-section  through  the  middle  of  this  rectal  region 
shows  four  dark,  nearly  spherical  bodies  about  9.5  u.  in  diameter, 
one  on  either  side  of  the  dorsal  line,  between  it  and  the  intestine: 
the  other  two  in  a  corresponding  position  on  the  ventral  side, 
(m.,  mi.  m2  and  m3.,  Fig.  1*) .    These  are  first  seen  some  50  u.  an- 
terior of  the  point  where  the  intestine  joins  the  rectum,  in  the 
same  relative  position  as  above  described,  but  closely  applied  to 
the  intestine.    The  two  ventral  ones  extend  back  and  disappear  a- 
gainst  the  wall  of  the  rectum  near  the  anus  while  the  dorsal  ones 
extend  a  little  further  posteriad  finally  disappearing  against  the 
wall  on  either  side  of  the  dorsal  line.    These,  in  the  opinion  of 
writer,  are  bundles  of  musoles  which  connect  the  posterior  end  of 
the  intestine  with  the  body  wall. 

From  the  anus  back  towards  the  tip  of  the  tail  the  sub- 

cuticula  becomes  relatively  very  thick. 


18 

Reproductive  System 

The  reproductive  system  is  of  the  typical  nematode  char- 
acter.   The  genital  opening  is  situated  a  little  posterior  of  the 
middle  of  the  body  on  the  ventral  surface  (g.a.,  Fig.  10  and  15 > 
and  is  defined  by  a  slightly  projecting  labia.    A  short  vagina 
(vag.,  Fig.  15 >  runs  ant er lad  dividing  into  two  long  divergent 
uteri  (a.ut.  and  p.ut.,  Fig.  5>  the  distal  ends  of  which  are  connec- 
ted to  the  ovaries  by  oviducts  (a.od.and  p.od.,  Fig.  5) .    The  struc- 
ture lies  in  longitudinal  folds  of  nearly  half  the  length  of  the 
body. 
Ovaries 

The  distal  end  of  the  posterior  ovary  is  seen  about  0.35 
mm.  anterior  of  the  genital  aperture  as  a  small,  dense  rod  of  proto- 
plasm 7.5  u.  in  diameter.    One  sees  small  dark  nuclei  scattered 
through  the  protoplasm  at  its  distal  end,  these  soon  showing  a  ten- 
dency to  arrange  themselves  in  a  circle  on  the  periphery  of  the  rod 
(ov.,  Fig.  13> .    This  suggests  the  formation  of  a  rachis  although 
no  central  axis  could  be  made  out  and  after  a  short  distance  the 
nuclei  again  appear  scattered  irregularily  through  the  mass.  The 
ovary  passes  anteriad  to  a  point  about  opposite  the  excretory  pore, 
then  turns  on  itself,  passes  posteriad  and  becomes  a  single  string 
of  developing  eggs  reaching  back  0.5  mm.  beyond  the  genital  opening 
where  it  joins  the  oviduct.    These  eggs  are  35  to  30  u.  in  diameter, 
contain  a  large  spherical  nucleus  (ov.,  Fig.  13>  with  a  prominent 
nucleolus,  and  are  surrounded  with  dark  staining  vitelline  bodies 
(v.g.,  Fig.  13>  .     The  other  ovary  is  reversed  in  position,  its  dis- 
tal end  lying  slightly  posterior  of  the  genital  opening,  from  whence 
it  passes  posteriad  a  short  distance,  then  anteriad  and  joins  the 
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oviducts . 
Oviducts 

The  oviducts  are  small  tubes  17  u.  in  diameter  by  ISO  u. 
in  length  composed  of  a  layer  of  epithelial  cells.    They  extend  on 
from  each  ovary  and  join  the  uteri  (a.od.  and  p.od.,  Fig.  5> . 
Uteri 

The  uteri  continue  from  the  oviducts  to  a  point  0.1  mm. 
anterior  of  the  genital  aperture  where  they  unite  to  form  the  vagi- 
na.   Their  walls  are  made  up  of  a  layer  of  irregular,  poorly  de- 
fined epithelial  cells  containing  areas  of  dark  staining  granules 
(ut.,  Fig.  13>  .    A  uterus  at  the  point  where  it  joins  the  oviduct 
is  3.3  mm.  or  there  about,  in  diameter,  this  size  increasing  slight- 
ly  towards  the  vagina. 
Vagina  (Fig.  Q> 

The  vagina  is  a  short  passage  about  0.1  mm.  long  which 
runs  from  the  genital  aperture  anteriad  and  joins  the  two  uteri. 
At  the  latter  point  it  is  30  u.  in  diameter  and  is  composed  of  an 
outer  wall  of  circular  musoles  1.5  u.  in  thickness,  linedwith  epi- 
thelial cells  which  project  in  nearly  closing  the  lumen  (vag.,  Fig. 
8> .    Two  valves  are  present,  the  inner  one  (valj,  Fig  8>  near  the 
middle  of  the  vagina  and  the  outer  one  (val8.,  Fig.  8>  slightly 
posterior.    These  structures  are  formed  by  four  large  cells  which 
project  in  towards  the  center  of  the  lumen  and  at  the  same  time 
bend  posteriad  (vag.,  Fig.  13>,  around  which  the  muscle  wall  thic- 
kens to  10  u.    This  thick  muscle  wall  continues  from  the  valve  to 
the  genital  aperture,  forming  a  tube,  minus  the  epithelial  cells, 
but  lined  with  a  thin  layer  of  cuticula.  (c.l.,  Fig.  13^    The  cuti- 
cular  lining  extends  up  into  the  vagina  passing  over  the  first  valve 
and  over  the  cells  forming  the  second  where  it  seems  to  end. 
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Males 

The  males  are  very  much  smaller  than  the  females  being 
scarcely  visible  to  the  unaided  eye.    They  average  1  mm.  in  length 
with  a  diameter  at  the  middle  of  the  body  of  38  u.    Like  many  male 
nematodes    the  posterior  end  of  the  worm  curls  up  giving  the  animal 
the  shape  of  the  letter  J.    The  anterior  end  of  the  body  is  smooth, 
lacking  both  spines  and  annulations  and  on  the  ventral  surface  at 
the  posterior  end,  36  u.  anterior  to  the  anus,  are  two  small  papil- 
lae, (p.,  Fig.  9). 

In  shape  the  oesophagus  resembles  exactly  that  of  the 
female.    The  anterior  portion,  134  u.  long  is  followed  by  a  con- 
stricted region  19  u.  long,  this  in  turn  joining  the  oesophageal 
bulb  which  is  30  u.  long  by  30  u.  in  diameter.    From  the  bulb  the 
intestine,  a  straight  tube  of  nearly  uniform  diameter,  extends  pos- 
teriad  to  the  ano-genital  opening  located  near  the  posterior  tip 
of  the  body.    In  the  posterior  half  of  the  worm  is  also  located  the 
testis,  a  single  cylindrical  structure,  within  which  can  be  seen 
the  nuclei  of  developing  sperm. 

The  excretory  pore  is  located  on  the  ventral  surface 
0.35  mm.  from  the  anterior  end. 

The  writer  was  unable  to  distinguish  two  species  among 
the  males  although  undoubtedly  two  exist.    They  lack  those  charac- 
ters which  distinguish  the  females  and  no  others  were  found  which 
form  a  basis  for  their  separation. 
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Hystri gnat hue  rigidue  Leidy 

Leidy  describes  this  species  as  follows: 
Tail  long,  narrow,  conoidal,  curved.    Generative  aperture  near 
the  middle  of  the  body,    slightly  prominent". 
"Measurements .  -  Length  3  lines;  greatest  breadth  1/1^0  in.; 
tail  1/40  in.  long  from  the  anus;  anterior  spinous  portion 
of  the  body  1/26  in.  long;  buccal  organ  1/50  in.  long,  1/530 
in.  broad;  gizzard  1/190  in.  long,  with  the  breadth  of  its 
body  1/330  in.    Anterior  spines  1/3000  in.,  long,  1/545  in. 
broad" . 

"Habitation.-  Found  within  the  ventriculus  of  Passalus  oornutus, 
adhering  by  the  mouth  to  the  mucous  membrane,  most  usually 
within  the  sacculi,  and  unless  it  be  scraped  out,  may  escape 
detection.    Three  or  four  individuals  are  frequently  found 
within  the  short  blind  pouch  at  the  commencement  of  the  ven- 
triculus.    It  exists  pretty  constantly  in  numbers  of  two  or 
three  to  twenty,  rarely  more" . 

The  anterior  end  is  distinctly  annulated,  the  annuli 
growing  more  indistinct  as  you  pass  posteriad,  disappearing  entire- 
ly at  about  the  region  of  the  excretory  pore.    One  can  distinguish 
100  or  so  varying    in  width  from  5.5  u.  at  the  anterior  end  to  7.5 
u.  in  the  region  of  the  oesophageal  bulb.    Beginning  on  the  second 
annulus  back  of  the  mouth  and  passing  posteriad  are  16  rows  of 
spines,  each  annulus  furnishing  on  its  posterior  margin,  one  spine 
for  every  row.    About  0.1  mm.  from  the  anterior  end  two  additional 
rows  are  inserted  making,  froni  there  on,  30  rows.    The  first  spine 
of  each  row,  located  on  the  third  annulus  is  not  more  than  3  u.  in 
length:  the  second  about  three  times  as  long:  while  the  fourth  to 
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the  eighth  are  the  longest,  averaging  about  9.5  u.  in  length.  From 
this  point  posteriad  they  diminish  in  size  until  they  beoome  mere 
points,  disappearing  about  0.8  to  0.9  mm.  from  the  anterior  end. 

The  size  of  the  individuals  vary  considerably.  Length 
2.  to  4  mm.:  diameter  at  excretory  pore  145  u.:  diameter  at  middle 
of  body  150  u.:  diameter  at  anus  30  u . ;  length  of  tail  from  anus 
0.48  u.;  distance  from  anterior  end  to  excretory  pore,  0.8  to  0.9  u. 
Genital  aperture  at,  or  very  slightly  posterior  to,  the  exact  cen- 
ter of  the  body.    The  size  of  the  oesophagus  is  fairly  constant: 
total  length  0.55  mm.:  anterior  region  0.435  mm.:  middle  region 
53  u .  :  bulb  58  u . 

Hystrignathus  nov.  sp.  (Fig.  10> 

This  species  occurs  in  the  ventriculus  of  Passalus  cor  - 
nutus  along  with  H.  rigidus,  and  while  it  is  not  as  abundant  as  the 
latter,  it  constituted,  on  the  average,  from  35  per  cent  to  30  per 
cent  of  the  parasites  found.    In  computing  these  percentages  the 
males  were  not  taken  into  consideration.    It  resembles  H.  rigidus 
very  closely  in  size  and  appearance,  differing  from  it  only  in  the 
following  points  . 

Anterior  end,  except  for  the  oral  annulus,  not  annulated 
but  provided  with  numerous  small  spines,  the  largest  from  4  to  S  u. 
in  length,  arranged  in  oblique  rows  (Fig.  6b) .    Beginning  3  u.  back 
of  the  oral  annulus,  they  at  first  increase  slightly  in  size  and 
then  grow  smaller,  disappearing  at  the  point  where  the  oesophageal 
bulb  joins  the  intestine.    The  anterior  end  of  the  body,  in  the  re- 
gion of  the  oesophagus,  tapors  slightly  more  than  in  the  previous 
species,  making  this  end  appear  more  slender,  and  the  oral  annulus 
is  somewhat  smaller  and  more  set  off  from  the  body.    The  oesophagus 


is  also  slightly  shorter,  averaging  0.4  mm.  in  total  length,  the 
middle  region  being  40  u.  and  the  bulb  53  u. 
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EXPLANATION  OF  PLATES 

******* 

Plate  1 

Fig. 

1. 

clook  differentiator 

A.    vertical  tube 

B.  clock 

C .  drum 

D. 

E.  elevator 

F.    silk  thread 

Fig. 

3. 

string  siphon  differentiator 

A.  B.  and  C.    stender  dishes 

Fig. 

3. 

elevator  of  clock  differentiator 

a.     outside  glass  tube 

b.    inside  glass  tube 

o.    silk  bolting  cloth 

Fig. 

4. 

diagram  showing  method  of  constructing  clock  differen- 

tiator 

D.    base  board 

Plate  II 

Fig. 

5 

diagramatic  drawing  of  reproductive  system 

vag  vagina 

a  ut    anterior  uterus 

p  ut    posterior  uterus 

a  ov    anterior  ovary 

p  ov    posterior  ovary 

a  ovd    anterior  oviduct 

p  ovd    posterior  oviduct 
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anterior  end  01  nystngnatnus  sp. 
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xransverse  section  tnrougn  oesopna^sai  duid 

n  nucleus 

*  lg. 
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o  . 

sagittal  section  tnrougn  region  01  gemtai  aperture 

a  .    ^a                   —  ,                    -HI  1  «  ft> 

ut  uterus 

vag  vagina 

c  i    cuticuiar  lining  01  vagina 

m       circular  muscle  layer  of  vagina 

fig, 
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oe  d    oesopnageai  duid 

m  intestine 

ex  r    excretory  reservoir 

ov  ovary 

g  a      genital  aperture 

r  rectum 
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Plate  III 
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transverse  section  tnrougn  region  01  oesopnagus 

1  1      lateral  line 

r^       dorsal  region  of  lateral  line 
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r2      ventral  region  of  lateral  line 
r3      middle  region  of  lateral  line 
d  1    dorsal  line 
v  1    ventral  line 

cU  d2  d3  d4    extra  cells  of  dermo-muscular  tube 
dm      muscle  cells  of  dermo-muaoular  tube 
ex      excretory  duct 

s  r    ridge  in  subcuticula  opposite  lateral  line 

oe  m  muscles  of  oesophagus 

oe  1  lining  of  oesophagus 
Fig.  13.    transverse  section  between  excretory  pore  and 
oesophagus 

1  1    lateral  line 

d  1    dorsal  line 

v  1    ventral  line 

s  r    ridge  in  subcuticula 

ex      excretory  duct 
Fig.  13.    transverse  section  in  region  of  vagina 

1  1    lateral  lines 

v  1    ventral  lines 

ex      excretory  duct 

ut  uterus 

vag  vagina 

c  1    cuticular  lining  of  vagina 
ov-^    distal  end  of  ovary 

ov3    middle  region  of  ovary  through  developing  egg 
v  g    vitelline  bodies 
in  intestine 


37 

Figs.  14,  15  and  13.    transverse  sections  through  region  of 

rectum 
1  1      lateral  line 
d  1      dorsal  line 
v  1      ventral  line 

m2  m3  and  m4    Longitudinal  bundles  of  muscles 
a  g      "anal  glands" 
n  n^  and  ns  nuclei 

om^  and  om2    plates  of  oblique  muscles 
rt  rectum 

Plate  IV 

Figs.  17  to  35  inc.    transverse  sections  through  region  of 

excretory  pore 
1  1      lateral  lines 
ex       excretory  ducts 
ex  r    excretory  reservoir 
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